Task-specific focal dystonias are thought to be due to a combination of individual vulnerability and environmental factors. There are no case-control studies of risk factors for writer's cramp. We undertook a case-control study of 104 consecutive patients and matched controls to identify risk factors for the condition. We collected detailed data on medical history and writing history as part of hobbies or occupation. Cases had a college or university degree more frequently than controls [OR = 4.6 (1.3-20.5), P = 0.01]. The risk of writer's cramp increased with the time spent writing each day (P-trend = 0.001) and was also associated with an abrupt increase in the writing time during the year before onset (OR = 5.7, 95% CI = 1.3-33.9, P = 0.02). Head trauma with loss of consciousness [OR = 3.5 (1.0-15.7), P = 0.05] and myopia [OR = 4.1 (1.7-12.0), P = 0.0009] were both associated with the condition but it was not significantly associated with peripheral trauma, left-handedness, constrained writing, writing in stressful situations or the choice of writing tool. The dose-effect relationship between writer's cramp and the time spent handwriting each day, and the additional burden of acute triggers such as an abrupt increase in the writing time in the year before onset, point to a disruptive phenomenon in predisposed subjects. Homeostatic regulation of cortical plasticity may be overwhelmed, resulting in dystonia.
Introduction
Writer's cramp (WC) is a primary adult-onset task-specific focal dystonia characterized by abnormal movements or posturing of the upper limb, because of inappropriate muscle contractions that interfere with writing movement. It is generally accepted that task-specific focal dystonias are due to a combination of individual vulnerability and environmental factors. However, little is known about risk factors for task-specific dystonias, including WC.
Based on case series and personal experience, some authors have suggested a link between periods of stereotyped, repetitive, highly skilled gestures and the onset of task-specific dystonia (Hochberg et al., 1990; Chen and Hallett, 1998; Hallett, 2006) . WC has been linked to activities that require intensive or accurate writing tasks (Jedynak et al., 2001; Hallett, 2006; Quartarone et al., 2006) and to stressful and uncomfortable writing (Jedynak et al., 2001) . Likewise, increases in practice time and changes in technique or repertoire have been implicated in musician's cramp (Tubiana, 2003; Conti et al., 2008) . A history of upper limb injury has also been linked to WC (Sheehy and Marsden, 1982; Rosenbaum and Jankovic, 1988; Marsden and Sheehy, 1990) . Local body injuries may be involved in other adult-onset focal dystonias, including blepharospasm and laryngeal, oromandibular, shoulder and cervical dystonia (Defazio et al., 1998 (Defazio et al., , 2003 Sankhla et al., 1998; Schrag et al., 1999; Frucht et al., 2000; Wright and Ahlskog, 2000; Jankovic, 2001; Schweinfurth et al., 2002; Papapetropoulos et al., 2008) . As WC is linked to a specific task, writing characteristics, handedness and medical conditions that can induce constraints when writing may influence the risk of the condition. Finally, head trauma may be a risk factor for primary adult-onset dystonia, even in the absence of overt brain lesions (Lee et al., 1994; Defazio et al., 1998) .
As there is no available case-control study of WC, we conducted a study of 104 case-control pairs to identify the risk factors.
Patients and Methods

Cases
We identified all patients with WC seen during a 30-months period 2008 ) at our movement disorders clinic. Because our aim was to obtain information on exposures occurring prior to disease onset, we only included patients with a WC history of 10 years or less and we excluded patients with longer disease duration to reduce the risk of errors in exposure assessment; this cut-off was chosen a priori. Patients with secondary extension to the neck as a spreading of the initial upper limb dystonia or to the opposite limb were eligible. Because the relation between WC and primary writing tremor is controversial, we excluded patients with primary writing tremor. We excluded patients with a history of neurological disorders (brain tumor, stroke, Parkinson's disease, multiple sclerosis) or abnormal neurological findings other than dystonia, and patients who declared having used neuroleptic drugs in the year preceding WC onset. Sensory disturbances were ruled out by standard physical examination.
Patients were interviewed by a research nurse who also took a video with a standardized protocol. The videos were rated by two reviewers (E.R. and J.-P.B.) to describe the phenomenology of WC.
The research protocol was approved by the Comité Consultatif sur le Traitement de l'Information en Matiè re de Recherche dans le Domaine de la Santé (CCTIRS) and Commission Nationale de l'Informatique et des Liberté s (CNIL). The patients gave their informed consent to be videotaped.
Controls
Controls were persons admitted to the Orthopedics, Cardiology, Endocrinology, Gynecology or Obstetrics and Internal Medicine departments of the same hospital. One control was matched to each case, based on age (AE5 years), gender and broad socio-professional categories based on the first level (eight groups) of the 2003 INSEE classification (Institut National de la Statistique et des Etudes Economiques).
After including a case, the research nurse searched the hospital's inpatient computer database for persons of similar age and gender hospitalized in the above-mentioned wards, and generated a list of potential controls. She then visited these persons in random order until she identified a suitable control who reported no history of writing difficulties and who agreed to participate.
Risk factor interview
Participants were interviewed face-to-face by the same trained research nurse. Some of the questions posed to the cases referred to the date of WC onset; a corresponding index date was thus chosen for each control, defined as the study date minus the matched case's disease duration. Before starting the interview, we asked the cases if they had any opinion on the possible causes of WC.
The participants were asked whether they considered themselves right-handed, left-handed, or ambidextrous. Handedness was also determined with the Edinburgh scale. We estimated the total time spent writing each day (with/without interruption) in the year preceding WC onset or the index date (never/rarely; 51 h; 1-3 h; 3-6 h; 46 h). We also asked whether there had been an unusual increase in the amount of writing at any particular date and, if so, when. Participants were asked to describe the size (small, normal or large) and style of their writing (normal, jerky) before WC onset (or the index date). They were also questioned about hobbies that involved writing, drawing, painting, sewing, embroidering or playing music instruments.
We obtained data on various medical conditions through standardized interviews, including head trauma, ophthalmologic and psychiatric disorders, and diseases or trauma of the neck and upper limbs requiring medical/nursing care.
Each professional episode was identified and coded with the ISCO-1988 classification, using a specific code for studies after high school. For each episode, we obtained the following information: start/end year; personal occupation; employer's activity; amount of usual/uninterrupted daily writing (none, 51 h, 1-3 h, 3-6 h, 46 h); use of a typewriter, computer, or mouse; repetitive movements; rapid note-taking; stenography; writing in boxes/tight lines/constrained spaces, on cards, music sheets, carbon paper, or notes; writing instruments; and writing in public or stressful situations. Variables were collected using a semiquantitative coding (never, rarely, often, nearly every day).
Measures
The research nurse measured the metacarpophalangeal joint of both thumbs, in flexion and extension, using a goniometer. She also looked for subluxation of the thumbs.
Statistical methods
Odds ratios (ORs), 95% confidence intervals (CIs) and two-tailed P-values were estimated by conditional logistic regression for matched sets. Significance was assumed at P 0.05. Relevant exposures were considered to be those occurring before disease onset in the cases and before the index date in the controls.
Most of the participants reported several professional episodes. We defined two types of professional exposure variables. First, we defined 'maximum' exposure variables as the maximal frequency/amount of a given characteristic across all the occupations. Second, we defined cumulative exposure variables by weighting the frequency/amount of a given characteristic by the corresponding number of years, and then summing the resulting value across all occupations.
Analyses were adjusted for age, sex and place of residence (inside or outside the Paris region). We then built a multivariable model including all variables with P-values of 0.05 in the first stage, and used a backwards selection procedure, with a P-value of 0.05 being required to stay in the model. Two separate multivariable models were used, one with and the other without occupational data, since all subjects did not have occupational data. Multivariable models were built using exact conditional logistic regression.
As the date of WC onset is difficult to determine precisely, we performed lagged sensitivity analyses by excluding exposures in the 5 years before disease onset (or the index date). Additional sensitivity analyses were performed by excluding patients or without a video, and by performing analyses stratified by age at onset and disease duration in cases.
To study the relation between WC and the timing of exposure to writing, we analysed the relation between the risk of WC and the amount of professional writing each year before WC onset (or the index date) and represented our findings in graphic form (lowess smoother).
Data were analysed with SAS (v9.1) and STATA (v10.0) software.
Results
We identified 109 WC cases who met the inclusion criteria, of whom 105 (96%) agreed to participate in the study. One case was excluded due to diagnostic misclassification after video review. The remaining 104 cases were matched to 104 controls. The acceptance rate among the controls was 95%; their departments of recruitment were: gynecology (n = 18), maternity (n = 12), orthopedics (n = 30), endocrinology (n = 30), cardiology (n = 6), internal medicine (n = 8). Only 42 cases expressed opinions as to possible causes of WC, as follows: writing or taking quick notes (n = 13); psychological factors (n = 11); accidents, medical conditions (n = 6); repetitive movements (n = 4); and others (n = 8).
The participants' characteristics are shown in Table 1 . The distribution of age at onset was suggestive of a bimodal distribution, with two peaks around 20 and 45 years. Cases were more likely than controls to live outside the Paris region. There was no difference in handedness between the cases and controls. WC was classified as: flexion (n = 57), extension (n = 23), pronation or supination (n = 6); a video was not obtained for 13 cases and was not interpretable for another five cases. One patient subsequently developed mild cervical dystonia as a spreading of the initial upper limb dystonia; WC was still the main and more disabling symptom. Eight patients developed controlateral WC when they attempted to learn to write with the non dominant hand.
In the year preceding WC onset (or the index date), cases spent more time per day writing than controls, and the OR increased with the writing time ( Table 2) . During the year preceding WC onset (or the index date), the cases reported an unusual increase in the amount of writing more frequently than the controls, whereas there was no such difference in other periods (Table 2 ). In addition, cases were more likely than controls to use cursive writing, while controls were more likely than cases to use a printed style, but these differences were not statistically significant (Table 2) .
Cases (21%) were more likely than controls (15%) to write for leisure, but the difference was not statistically significant [OR = 1.4 (0.7-3.1), P = 0.37]. Frequent leisure writing in limited spaces (boxes, tight lines, cards, cross-words) was not significantly associated with WC [OR = 1.5 (0.8-2.7), P = 0.20]. There was no association between WC and the preferred leisure writing instrument (data not shown).
There was no association between WC and playing musical instruments [OR = 1.0 (0.6-1.8), P = 0.98]; cases (21%) were more likely than controls (14%) to play piano, but the difference was not statistically significant [OR = 2.0 (0.9-4.6), P = 0.11]. There were no differences for other hobbies (data not shown). a ORs (95% CI) and P-values were calculated using conditional logistic regression. b We excluded from the computation of the Edinburgh score two items referring to writing or drawing, as cases with WC may have changed hands to perform these activities. Laterality quotient scores were calculated by subtracting the number of tasks performed with the left hand from the number of tasks performed with the right hand; this number was then divided by the total number of tasks performed. Scores lower than zero indicate left-handedness, while scores above zero indicate right handedness. The comparison of the mean scores between cases and controls showed no difference (P = 0.43).
Cases reported a history of head trauma more frequently than controls (Table 3 ). The mean (SD) interval between head trauma and WC onset was 19 (15) years. Cases also reported a history of head trauma with loss of consciousness more frequently than controls (Table 3 ). The mean (SD) interval between head trauma with loss of consciousness and WC onset was 17 (13) years.
The cases reported a more frequent history of visual deficits, and particularly myopia and astigmatism, than the controls, while there was no difference in presbyopia or hypermetropia (Table 3) .
Cases reported more frequently than controls a history of trauma or disease of the neck; this difference was not statistically significant for specific conditions (i.e. osteoarthritis, trauma) due to small numbers (Table 3) . Cases reported a history of trauma of the dominant upper limb more frequently than controls but the difference was not statistically significant (Table 3 ). There was no significant association of WC with history of carpal tunnel syndrome or cervico-brachial neuralgia (Table 3 ). The carpal tunnel syndrome was diagnosed in the year preceding WC onset in four out of five cases, and cervico-brachial neuralgia in the 5 years before WC onset in five out of six cases. Tendinitis (of the elbow or shoulder) tended to be reported more frequently by cases than controls, although the difference was not significant; the median interval between tendinitis and WC onset was 6 years (range 2-42 years).
Cases did not report more frequently than controls having seen a psychiatrist [OR = 0.7 (0.4-1. Subluxation of the thumb of the dominant hand was not significantly more frequent in cases (7%) than in controls (4%) [OR = 2.9 (0.7-15.5), P = 0.17]. There were no differences in the mean maximal angles of the metacarpophalangeal joint of the dominant thumb, in either extension or flexion (data not shown).
Ninety-nine cases and matched controls reported having been employed at least once and/or having been a college/university student. The distribution of the ISCO-88 occupational categories (first level) is shown in Supplementary Table 1. The 'Scientific and intellectual professionals' and 'Craft and related trades workers' were more frequent in cases than in controls, but these differences were not statistically significant; the only significant difference concerned 'Service workers and shop and market sales workers' (less frequent among cases than controls). In addition, more cases than controls said they held college/university degrees. Table 4 shows the participants' occupational characteristics. As part of their occupation, cases spent significantly more time than controls writing each day. Use of a fountain pen, computer or mouse was more frequent among cases than controls.
The Fig. 1 shows the relation between WC and the daily time spent writing as part of occupation (!3 h versus 53 h), computed for each year before WC onset (or the index date). The curve suggests a U-shaped relation, with the strongest association occurring in the year preceding WC onset. Table 5 shows the results of multivariable analyses including (Model 2) and not including (Model 1) occupational data. Independently of the model, the amount of daily writing, an unusual increase in the amount of writing in the year preceding WC onset (or the index date), a history of head trauma with loss of consciousness, and myopia were retained in the final model. College/university education was also retained in Model 2. Excluding exposures in the 5 years before disease onset (or the index date) or patients without a video did not modify our findings (data not shown). In addition, the associations reported overall were not modified by age at onset or disease duration (data not shown).
Discussion
This is the first case-control study of WC. We investigated the role of risk factors tentatively identified in previous reports or suggested by pathophysiological studies of dystonia. We found a dose-effect relation between the amount of time spent writing each day and WC. The strongest association with writing time occurred in the year preceding WC onset, suggesting a triggering role. Other writing characteristics such as left-handedness or constrained writing were not associated with WC. Myopia and head trauma, but not peripheral trauma, were associated with WC.
The relation between WC and the amount of handwriting, with an additional trigger represented by an unusual increase in the writing time in the year preceding WC onset, may reflect two aspects of the same disruptive phenomenon. Our findings are in keeping with the deleterious effect of intensive motor training observed in a primate model of focal dystonia (Byl et al., 1996) . Indeed, a maladaptive response can occur when motor training in highly skilled movements is pushed to extremes (Perlmutter and Thach, 2007 ). An increase in practice time and difficulty are also associated with musician's cramp (Tubiana, 2003; Conti et al., 2008) . In such situations, homeostatic mechanisms that regulate cortical plasticity may be overwhelmed, resulting in the consolidation of abnormal motor programs with altered muscle activation patterns. Patients with focal dystonia have been found to have excessive sensorimotor cortex plasticity (Quartarone et al., 2003 (Quartarone et al., , 2007 Weise et al., 2006; Tisch et al., 2007) , and an impaired homeostatic regulatory response (Quartarone et al., 2005) . These abnormalities may explain why some subjects are more prone to dystonia in conditions that require increased adaptive responses, and may represent an endophenotype of the disease Quartarone et al., 2007) . In this context, it is conceivable that myopia increases adaptive requirements for the correct performance of motor tasks, which may account for the association between myopia and WC. The idea that certain writing tools could favor the development of WC has been proposed more than 100 years ago (Gowers, 1888) . In univariate analyses, we found an association between WC and occupational writing with fountain pens. However, this association disappeared after adjusting for the number of daily hours of writing.
Head trauma has been implicated as a triggering factor in primary dystonia (Lee et al., 1994) , and a case-control study of primary adult-onset dystonia showed an association with prior head trauma with loss of consciousness (Defazio et al., 1998) . By contrast, two case-control studies failed to identify an association between head trauma and cranial dystonia (Behari et al., 2000; Martino et al., 2007) . These discrepancies may be related to the etiologic heterogeneity of cranial dystonias relative to other primary adult-onset dystonias, including WC. In WC, the association with prior head trauma may be due to subtle damage in certain brain areas, as proposed in Parkinson's disease (Bower et al., 2003; Goldman et al., 2006; Dick et al., 2007) and amyotrophic lateral sclerosis (Chen et al., 2007) . Alternatively, head trauma may induce transient dysfunction in brain areas involved in the pathophysiology of dystonia and trigger prolonged changes in their functioning. Patients with WC may over-report events such as head trauma (recall bias) (Sackett, 1979) . However, none of our cases attributed WC to head trauma, and most did a ORs (95% CI) and P-values were calculated using conditional logistic regression and adjusted for age, sex and place of residency. b Based on the maximal amount of writing declared for all occupations held. c For each occupation, we multiplied the number of years of work by an index based on the daily number of hours of writing (none = 0, 51 h = 0.5, 1-3 h = 2, 3-6 h = 4, 46 h = 8) reported by the participant for that specific occupation. We then summed the resulting values over all occupations held by the participant, in order to generate a cumulative measure of the amount of writing throughout the occupational history. d For all characteristics, we multiplied the number of years of work by an index (never or rarely = 1, often or every day = 1). We then summed the resulting values over all occupations held by the participant, in order to generate a cumulative measure for each characteristic throughout the occupational history. These cumulative variables were categorized in three levels (never, below the median, above the median). For simplicity, we only report the percentages and ORs corresponding to persons classified above the median values of these variables. P-values were computed with trend tests. e Because few participants reported never using ballpoint pens, for this variable we report the percentages and ORs corresponding to persons that were classified in the 3rd tertile of the cumulative variable.
not consider that WC resulted from 'brain dysfunction'. The association between head trauma and WC also held for head trauma with loss of consciousness, which was less likely to be underreported by the control subjects.
In univariate analyses, we found an association between a history or trauma of the neck and WC, but we did not find a significant association for specific conditions owing to small numbers; in addition, this variable was not retained in multivariable models, probably because it was associated with a history of head trauma. We did not find a statistically significant association between upper-limb trauma and WC. This finding may be due to a lack of statistical power to detect small effects of relatively rare events. By contrast, an association has been reported between other primary adult-onset focal dystonias and peripheral trauma (Defazio et al., 1998 (Defazio et al., , 2003 Sankhla et al., 1998; Schrag et al., 1999; Frucht et al., 2000; Wright and Ahlskog, 2000; Jankovic, 2001; Schweinfurth et al., 2002; Papapetropoulos et al., 2008) . It has been suggested that peripheral trauma can alter sensory inputs and lead to CNS reorganization and motor dysfunction (Jankovic, 2001) . Our findings do not support a major role of local trauma in WC.
College/university education was associated with WC. There was no association between WC and most job categories, possibly because several of the occupational categories comprised jobs that required large amounts of writing. We were unable to study the association between WC and more specific occupations, owing to the small numbers of cases in each category. In univariate analyses, 'Service workers and shop and market sales workers' were less frequent in cases than in controls but this variable was not retained in multivariable models.
Our results may be affected by recall bias. In particular, the cases might have reported details of their writing history more accurately than the controls. However, the results were unchanged when we excluded the 13 cases who believed that WC was due to writing. In addition, data on the amount of writing were collected in two ways. First, we asked the participants to estimate the average amount of daily writing in the year preceding WC onset (or the index date in the control group), and asked them to define certain characteristics of their writing. Second, occupational data were collected chronologically and separately for each occupation, without referring to WC onset; this approach is less prone to the recall bias, as it replaces the writing history in the context of the occupational history, which helps to retrieve information. The two methods yielded very similar results. WC is a rare disorder, and the study population, although large, may have been inadequate to study the influence of rare exposures. For example, subluxation of the dominant thumb occurred in 4% of the controls; 220 case-control pairs would have been necessary to detect a significant OR of 2.9; the Supplementary figure shows the power of the study (104 matched case-control pairs) to detect an association between WC and an exposure for different ORs and frequencies of the exposure among controls. In addition, the multivariable models yielded ORs with large confidence intervals and confirmatory studies of sufficient size are needed to confirm these findings.
We did not perform a population-based study of WC and did not identify all WC patients in a defined population; in particular, we did not identify patients who did not seek medical attention and it is likely that a proportion of patients with WC are undiagnosed. Therefore, the results of the present study apply to patients seeking care for WC at a movement disorders clinic. As in any hospital-based case-control study, the choice of control subjects is difficult. We were concerned about a possible referral bias, as our department is a tertiary referral center for movement disorders and has a catchment area larger than the Paris region. In a preliminary feasibility study with 28 case-control pairs, controls were relatives of patients visiting our department for disorders other than dystonia. However, controls recruitment proved to be difficult. To limit a potential referral bias, we adopted two complementary strategies in the design and analytical stages. First, we selected controls from among in-patients on a variety of wards, and matched them to cases for age and gender, and also for socio-professional status in order to ensure similar access to specialized medical care. The drawback of this approach is that we may have overmatched cases and controls with respect to their occupations. Second, we adjusted our analyses for residence inside or outside the Paris region. The feasibility study and the main study yielded similar estimates for the main variables, suggesting that a referral bias is unlikely to have affected our findings.
Standardized videos were taken in order to characterize the type of WC and could not be obtained or were of insufficient quality for 18 patients due to technical reasons; however, the video reviewers considered that the medical records of these patients provided sufficient evidence that they were affected with WC in all cases. In addition, excluding them from the analyses did not modify our findings (data not shown).
In conclusion, we have identified several potential risk factors for WC. The main one was the daily amount of writing. In addition, the association with the amount of writing in the year preceding the onset of WC suggests a triggering role. It remains to be shown whether the identification of these risk factors can help to develop preventive strategies or to modify the course of WC and other task-specific dystonia.
